ABSTRACT A new and attractive phosphorylation procedure which allows the introduction, via phosphotriester intermediates, of 5'-phosphate functions of DNA fragments is described. The method is based on the activation of bifunctional phosphorylating agents with 1-hydroxybenzotriazole. The approach will be examplified by the synthesis of pACGC using four different 5'-phosphotriester intermediates.
At the moment the phosphotriester approach is the method of choice for the synthesis of DNA fragments with a defined sequence and length (e.g., I and III). However a reliable and general procedure for the introduction, via II, in Fig. 1 ). Up to now, most monofunctional phosphorylating agents {i.e. la (R=4-NO,C,H.) 4 ; 1b (R-Br.CCH,) 5 ; 2 6 and 3 7 , Fig. 2} have been used for the introduction of a phosphotriester function at the 5'-or 3'-position of nucleosides and in a few cases for the introduction of a phosphotriester func-7 8 tion at the 5'-end of a partially protected RNA dimer and trimer .
We now wish to report that 5'-phosphorylated tetramer II (Fig. 1) is easily accessible by the introduction of a phosphotriester function at the 5'-OH of partially protected tetramer (i.e. 1^0 in Scheme 2) using phosphorylating agents which have been activated with l-hydroxybenzotriazole (i.e. reagents j> and I_2a-c in Scheme 1 and 3, respectively). The 5'-phosphorylated tetramer 16 was completely deblocked by a three-step procedure. Firstly, the aryl protective groups were removed by treatment of 16 with oximate under anhydrous conditions. Next, the thiocresol group was oxidized and hydrolyzed by treatment with iodine-water. Finally, the acyl groups were removed with aqueous ammonia. Purification and identification of the thus obtained product II was carried out similarly to the techniques described previously.
Up to now the methods, developed to introduce thioate functions by a phosphotriester approach at the 5'-terminus of properly protected oligonucleotides, are based on monofunctional phosphorylating agents. For instance, 0-2,4-dichlorophenyl-S-methyl phosphorochloridothioate (e.g. ^3 in Fig. 2 ) suitable for the preparation of 5'-mono-, di-and triphosphates of ribonucleosides, 7 8 was introduced by Reese et al. ' However, the latter reagent is not easily accessible. Moreover, the monitoring by TLC analysis of the reaction of reagent 3 (Fig. 2) with a properly protected oligonucleotide (i.e. 10 in Scheme 2) may be troublesome. The two-step procedure, outlined in Scheme 3, presents an alternative to the above described procedure for the preparation of thioate triesters at the 5'-end of properly-protected oligonucleotides.
CONCLUSIOH
The methodology described in this paper shows that phosphorylating agents A solution of morpholino-di-1-benzotriazole phosphate J5 (2.0 mmol) in anhy-drous tetrahydrofuran (10 ml) was added to 3'-O-benzoyldeoxythymidine J5 (1.0 mmol). Pyridine (5 ml) and 1-methylimidazole (4.0 mmol) were then added. After 4 h, TLC analysis (System B) showed the reaction to be complete. The reaction mixture was diluted with chloroform (100 ml), washed with 1 M TEAB (pH-7.5; 50 ml) and water (50 ml). The organic layer was dried (MgSO^) and concentrated to an oil. The oil was dissolved in chloroform (4.0 ml) and applied to a column of Kieselgel (14 g). The column was eluted with chloroformmethanol (96.5-3.5). The appropriate fractions were concentrated and precipitated from petroleum ether (40-60°C, 150 ml). The precipitate was filtered off and dried in vacuo (P.0 c ). Yield of 7 was 80Z. . TLC analysis (System B) showed complete conver-31 sion of 7 into base-line material. P-NHR spectroscopy of the reaction mixture showed the presence of one resonance; 4-5.78. Crude product 8 was now completely deblocked to give the expected deoxythymidine 5'-phosphate. Thus, aqueous ammonia (25Z, 10 ml) was added and the mixture was left for 24 h at 20 C. The reaction mixture was concentrated to a small volume. The residue was dissolved in 0.01 N HC1 (20 ml) and the pH was adjusted to 2.0 by the addition of 0.1 N HC1. After 2 h at 20°C, the solution was washed with chloroform (2 x 10 ml) and ether (2 x 10 ml). The aqueous layer was neutralized with aqueous ammonia (25Z, 1.0 ml), concentrated to a small volume and analyzed by HPLC (System II). Crude product £ thus obtained had the same retention time as thymidine-5'-phosphate. Synthesis of 3'-0-benzoyldeoxythymidine-5'-O-(morpholino-2-cyanoethyl) phosphate 9. To a solution of product 7 (0.5 mmol) in tetrahydrofuran (2.5 ml) was added 3-hydroxypropionitrile (25.0 mmol) and 1-methylimidazole (2.0 mmol). The reaction mixture was stirred for 70 ji at 20°C. TLC analysis (System B) showed the reaction to be complete. The reaction mixture was diluted with chloroform (100 ml) and washed with 1 M TEAB (2 x 50 ml). The organic layer was dried (MgSO.) and concentrated to an oil. The oil was dissolved in chloroform (2 ml) and applied to a column of Kieselgel (5 g). The column was eluted with chloroform-methanol (96:4, v/v). The appropriate fractions were concentrated and precipitated from petroleum-ether (40-60 C, 10 ml). The precipitate was fil- Deblocking of 9 by treatment with triethylamine in acetonitrile, followed by aqueous ammonia and finally acid (0.01 N HC1, pH-2) afforded, as corroborated by HPLC analysis (System II), thymidine-5'-phosphate.
Synthesis of fully-protected tetramer 11.
To a solution of tetranucleotide l_0 (0.0225 mnol) in anhydrous acetonitrile (0.5 ml) was added a solution of phosphorylating agent 5 (0.1 mmol) in tetrahydrofuran (0.5 ml). 1-Methylimidazole (0.25 mmol) was added and the reaction mixture was stirred for 3.5 h at 20°C. The reaction mixture was diluted with chloroform (50 ml) and washed with 1 M TEAB (3 x 25 ml). The organic layer was dried (MgSO,) and concentrated to a small volume. The thus obtained product U was precipitated from petroleum ether (40-60 C, 150 ml). The precipitate was dissolved in chloroform (1.0 ml) and applied to a column of Kieselgel (20 g). The column was eluted with chloroform-methanol (97:3, v/v).
The appropriate fractions were concentrated and precipitated from petroleumether (40-60°C). The precipitate was filtered off and dried in vacuo (P 2 0,).
Yield of product U was 78Z.
Deprotection of fully-protected tetramer 11.
A solution of syn-p-nitrobenzaldoxime (0.9 mmol) and N ,N ,N ,N -tetramethylguanidine (0.9 mmol) in dioxan-water (1:1, v/v, 3 ml) was added to crude product M (0.0225 mmol). The reaction mixture was stirred for 24 h at 20°C after which aqueous ammonia (25Z, 30 ml) was added. The reaction vessel was sealed and kept at 50°C for a period of 50 h. The reaction mixture was concentrated and the resulting solution was diluted with 0.01 N HC1 (15 ml) and the pH was adjusted to 2.0 by the addition of 0.1 N HC1. After 2 h at 20°C, the solution was washed with chloroform (2 x 20 ml) and ether (2 x 20 ml).
The aqueous layer was neutralized with 25Z aqueous ammonia, concentrated to a small volume and analyzed by HPLC (System I).
Purification of tetramer II.
The fully deprotected tetranucleotide II obtained above was purified on a column (2 m x 3 cm ) of Sephadex G 25 suspended in 0.05 M TEAB. Elution was effected with the same buffer at a flow rate of 14 ml per h. Fractions of 3 ml were taken and analyzed by HPLC (System I). The fractions containing the pure product were collected and lyophilized. The pure tetranucleotide II was brought into the ammonium form by running it through a column (5 cm x 2 cm ) of Dowex Deprotection of fully-protected tetramer 14.
Deprotection of product 14 to afford tetramer II was carried out according to the same procedure as described for the deprotection of product 11. The thus obtained tetramer II was purified by the same procedure as described before. (1 mg) were dissolved in pyridine (0.1 ml) and activated zinc was added. The suspension was stirred magnetically and the course of the reaction was followed by monitoring the evolvement of heat with a thermocouple. After 60 sec, the temperature of the reaction mixture rose and, after 4 min, the mixture was filtered off to remove excess zinc. TLC (System B) of the filtrate showed a complete conversion of the starting compound 12 into base-line material.
The filtrate was diluted with chloroform (50 ml) and washed with 1 M TEAB (1.5 ml) and 0.1 M TEAB (1.5 ml). The organic layer was concentrated to an oil and precipitated from petroleum-ether (40-60 C).
The precipitate was filtered off and dissolved in pyridine-acetic acid (1:1, v/v, 2.0 ml). Freshly distilled isoamylnitrite (0.4 ml) was added and the reaction mixture was kept in the dark for a period of 24 h. The mixture was poured into petroleum ether (4O-6O°C) -ether (1:1, v/v, 100 ml). The precipitate was filtered off and dissolved in dioxan (4 ml). Aqueous ammonia (25Z, 20 ml) was now added. The reaction vessel was sealed and kept at 50 C for a period of 48 h. The reaction mixture was concentrated to a small volume and analysed by HPLC (System I).
The thus obtained tetranucleotide II was purified by the same procedure as described before.
Synthesis of fully-protected tetramer 16.
A solution of phosphorylating agent ljc (0.36 mmol) in tetrahydrofuran (1. After 5 min, the resin was filtered off. The filtrate was concentrated, coevaporated with pyridine (3x5 ml) and concentrated. The residue was dissolved in pyridine-water (2:1, v/v, 50 ml) and iodine (0.6 mmol) was added to the mixture. After 45 min, the reaction mixture was poured into water/ether (5:1, v/v, 50 ml). The aqueous layer was concentrated and aqueous ammonia (25Z, 30 ml) was added. The reaction vessel was sealed and kept at 50°C for a period of 48 h. The reaction mixture was concentrated to neutrality and analyzed by HPLC (System I).
The thus obtained unprotected tetranucleotide II was purified by the same procedure as described before.
